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D[LV\PPHWULF PRGHOV KRZHYHU VWXGLHV XVLQJ IXOO ' PRGHOV DUH DOVR REVHUYHG WR VWXG\ EROWV DQG RYHUDOO MRLQW
UHOD[DWLRQEHKDYLRUV,QPRVWRIWKHVWXGLHVGLVSODFHPHQWDWWKHERWWRPRIWKHEROWLVDSSOLHGWRDFKLHYHUHTXLUHGEROW








UHYROYHG WR IRUP IXOOPRGHO2QH EROW LVPRGHOHG ILUVWZKLOH DOO RWKHUV DUH JHQHUDWHGXVLQJ URWDWLRQDO V\PPHWU\
)ODQJHVL]HVRIDQG LQFKZKLOHDQG LQFKIROORZWKHVDPHPRGHOLQJDQGPHVKLQJVWUDWHJLHVEHFDXVHRI WKH
VDPHQXPEHURIEROWV,QWKLVVWXG\HODVWRSODVWLFPDWHULDOPRGHOLVXVHGIRUDOOWKHIODQJHVL]HV$OORZDEOHVWUHVVHV
IRUIODQJHDQGEROWVDUHJLYHQLQWKH7DEOH>@ZKHUHDVJDVNHWPDWHULDOSURSHUWLHVDQGGLPHQVLRQVDUHXVHGIURP
*DUORFN >@ )ODQJH SLSH DQG EROWV DUH PRGHOHG XVLQJ 6ROLGHOHPHQWV ,QWHUIDFH HOHPHQWV ,17(5 DQG
7$5*(7DQG&217$HOHPHQWVDUHXVHGIRUJDVNHWDQGFRQWDFWVJHQHUDWLRQ,QRUGHUWRKDYHIODQJHURWDWLRQ
JDVNHWDQGIODQJHDUHIUHHWRPRYHLQWKHUDGLDODQGD[LDOGLUHFWLRQZLWKV\PPHWU\FRQGLWLRQVDSSOLHGDWWKHORZHU
SRUWLRQ RI WKH JDVNHW 7R REVHUYH EROW EHQGLQJ EROWV DUH FRQVWUDLQHG DW PLGVHFWLRQ LQ WKH WDQJHQWLDO DQG UDGLDO
GLUHFWLRQ 7R DSSO\ SUHORDG DQ D[LDO GLVSODFHPHQW LV DSSOLHG LQ WKH GRZQZDUG GLUHFWLRQ DW EROW ERWWRP DUHDV

















)ODQJH3LSH $670$/)   




E\DSSO\LQJK\GUDXOLFSUHVVXUH WR WKH WHQVLRQHUQXW LVFRLOHGDJDLQVW MRLQWIDFHDQG WKHQSUHVVXUH LV UHOHDVHGDIWHU
ZKLFK WRRO LV UHPRYHG$V WKH SUHVVXUH LV UHOHDVHGEROWV DFW DV VSULQJ DQG WHQVLRQ LV FUHDWHG LQ WKHEROW DQGEROW
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2SWLPL]DWLRQ$OJRULWKPV
.HHSLQJ LQ YLHZ WKH OLPLWDWLRQV RI SUHYLRXV ZRUN EDVHG RQ D[LV\PPHWULF PRGHOLQJ DQG PDQXDO D[LDO
GLVSODFHPHQW LQSXWV LQ WKLV SUHVHQW VWXG\ D GHWDLOHG'QRQOLQHDU ILQLWH HOHPHQW DQDO\VLV LV SHUIRUPHG IRU&ODVV
RQO\EXWIRUGLIIHUHQWIODQJHVL]HVXVLQJDJHQHUDOL]HGRSWLPL]DWLRQDOJRULWKPWRDFKLHYHEROWXSYDOXHVZLWKLQ
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$FFRUGLQJ WR WKH VSHFLILHG WLJKWHQLQJ VHTXHQFHV DQG EROW SUHORDG YDOXHV GXULQJ EROW XS WKHUH \LHOGLQJ LV
REVHUYHGDWKXEIODQJHILOOHWLQGLIIHUHQWIODQJHVL]HVUHVXOWLQJLQWKHLUIDLOXUH$UHDRIKXEIODQJHILOOHWLVVHOHFWHG
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5HVXOWVDQGGLVFXVVLRQV
4.1. Comparison of optimized results of manually input and automated algorithm  
)RU LQFKIODQJHVL]H WDUJHWEROWVWUHVVYDULDWLRQDQGVWUHVVYDULDWLRQDWKXEIODQJHILOOHWZHUHREVHUYHGDVSHU
LQGXVWULDO*DUORFN JXLGHOLQHV &RPSDULVRQ RI RSWLPL]HG WDUJHW EROW VWUHVV UHVXOWV RIPDQXDO LQSXW DQG DXWRPDWHG
DOJRULWKP DUH VXPPDUL]HG LQ 7DEOH  0D[LPXP VWUHVV DW KXE IODQJH ILOOHW XVLQJ PDQXDO LQSXW DQG DXWRPDWHG
DOJRULWKPREVHUYHGLV03DDQG03DUHVSHFWLYHO\IRUQR\LHOGLQJFDVHZKHUHDVDOORZDEOHVWUHVVYDOXHLV
03D$VWDUJHWEROWVWUHVVYDOXHVDUH03D03DDQG03DIRUVWQGUGDQGWKSDVVUHVSHFWLYHO\KRZHYHU
XVLQJ PDQXDO LQSXWV DQG DXWRPDWHG DOJRULWKPV VWUHVV YDULDWLRQ IURP WDUJHW EROW VWUHVV RI  03D DQG  03D
UHVSHFWLYHO\DUHREVHUYHG
7DEOH&RPSDULVRQRIPDQXDODQGRSWLPL]HGWDUJHWVWUHVVYDOXHV0 0DQXDOLQSXW2 $XWRPDWHGDOJRULWKP±,QFKIODQJHVL]H
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4.2. Comparison of TCM and SCM for all flange sizes 
'LIIHUHQWIODQJHVL]HVDUHFRPSDUHGRQWKHEDVLVRID[LDOEROWVWUHVVYDULDWLRQJDVNHWVWUHVVGLVWULEXWLRQDQGIODQJH
KXEVWUHVVYDULDWLRQIRULQFKVL]HVXVLQJ7&0DQGIRUDQGLQFKVL]HVXVLQJ6&0
4.3. Axial bolt stress variation: 
)LJXUHVKRZWKHFRPSDULVRQRIVWUHVVYDULDWLRQDWWKHHQGRIODVWSDVVIRUDQGLQFKIODQJHVL]HV
,QFDVHRIEROWVIODQJHVL]HVWUHVVYDULDWLRQLVKLJKHUIRULQFKVL]HDVFRPSDUHGWRLQFKVL]H,QFDVHRIEROW
IODQJHVL]HVWUHVVYDULDWLRQ LVKLJKHU LQ LQFKVL]HFRPSDUHGWR LQFK ,QFDVHRIDQG LQFKVL]HV WLJKWHQHG
DFFRUGLQJ WR6&0 VWUHVV YDULDWLRQ LV OHVV DV FRPSDUHG WR DOO RWKHU VL]HV ,Q FDVH RI   DQG LQFK IODQJH VL]HV
PD[LPXP YDULDWLRQ LV 03D 03D 03D UHVSHFWLYHO\ ZKLOH LQ FDVH RI  DQG  LQFK VL]HV PD[LPXP
GLIIHUHQFHLV03DDQG03DUHVSHFWLYHO\




DQG  LQFK IODQJH VL]HV LV 03D 03D DQG 03D UHVSHFWLYHO\ DQG LQ FDVH RI  DQG  LQFK IODQJH VL]HV
PD[LPXPGLIIHUHQFHLV03DDQG03DUHVSHFWLYHO\ZKLFKLVDOPRVWQHJOLJLEOHGLIIHUHQFH
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